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We show the kinematic equivalence between cosmological models driven by Dirac-Born-Infeld fields
φ with constant proper velocity of the brane and exponential potential V = V0e
−Bφ and interactive
cosmological systems with Modified Holographic Ricci type fluids as dark energy in flat Friedmann-
Robertson-Walker cosmologies.
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1. Introduction
The most successful explanation for the origin of the observed temperature fluctuations
of the cosmic microwave background (CMB) ([1],[2]) is the inflationary paradigm, which
however, so far have not found a satisfactory theoretical foundation. The favorite candi-
date to explain these observations is the String Theory [3] and inside it the very interesting
model of Dirac-Born-Infeld (DBI) inflation [4–8]. In DBI models the inflation is driven by
the motion of a D3-brane in a warped throat region of a compact internal space and the
non-canonical DBI field φ is interpreted as the position of the D-brane. The DBI action
includes a potential arising from the quantum interaction between D-branes and the brane
tension T encodes geometrical information about the throat region of the compact space.
On the other hand, related to the amount of dark energy (DE) required to generate the neg-
ative pressure justifying the observed expansion of our universe, appears the holographic
principle stated as “The number of degrees of freedom in a bounded system should be finite
and is related to the area of its boundary" [9]. The above prescription applied to cosmology
suggests that the ultraviolet (UV) cutoff scale of a system is connected to its infrared (IR)
cutoff scale Λ ≡ ρ1/4Λ [10]. When L (IR length) is a very descriptive length of the system
which total energy is L3ρΛ, the application suggests that the region will not decay into a
black hole if its mass not exceed the mass of a black hole of the same size. Then L is such
that L3ρΛ ≤ LM3p with Mp the reduced Planck mass. The largest L allowed is the one which
saturates the above inequality and leads to a holographic dark energy proportional to L−2.
Hence, this principle connects the dark energy based on the quantum zero-point energy
1
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density caused by a short distance cutoff Λ with an IR cutoff that is usually taken as Hub-
ble horizon, particle horizon, event horizon [11, 12], or generalized IR cutoff [13]. While
many of the works with holographic fluids do not take into account the non-gravitational
interaction with dark matter, the holographic dark energy is interactive because of the na-
ture of the expression describing its density of energy. As shown in [14], its density of
energy is affected by the other component of the system even though there is no external
interaction connecting them. Holographic dark energy is self-interactive and cosmological
models with an interaction between components are essential to alleviate problems such as
the so-called crisis age [15, 16]. Then, we consider a justificatory model of cosmological
expansion using dark matter (DM) interacting with a holographic fluid amended as dark en-
ergy as follows. A model where a perfect fluid with constant equation of state (EoS) ωDM
and density of energy ρDM interacts with an holographic fluid whose density of energy is
ρDE = 2(H˙ + 3αH
2/2)/(α − β ) (called a modified Ricci type) is likely to be identified
with a unified model driven by an exotic quintessence ψ as was done in [17] for two arbi-
trary ideal fluids where both EoS are constant. This can be done because of the particular
expression selected for the density of energy ρDE where α and β are constants.
Our paper is organized as follows. In Section II we consider a Dirac-Born-Infeld cos-
mological model with γ = constant and obtain the corresponding differential equation for
the factor of scale of the Friedmann Robertson Walker background geometry. In Section
III we analyze the exotic quintessence unified model that represents an interactive system
composed by dark matter and modified Ricci type holographic fluid as dark energy, obtain-
ing the equation that governs the evolution of the factor of scale. In Section IV we establish
the linking between both models and make conclusions.
2. The Dirac-Born-Infeld field with γ = constant
In Friedmann Robertson Walker (FRW) background geometry we consider a cosmological
model commanded by a non-canonical DBI field φ , derivable from a lagrangian L
L = γφ˙2/(γ + 1)−V(φ), γ = 1√
1− f (φ)φ˙2
> 1, (1)
where f (φ) = T −1 > 0 is the warp factor and
√
f (φ)φ˙ may be interpreted as the proper
velocity of the brane. Here we use an exponential potential V (φ) = V0e
−Bφ and φ˙ is the
derivative respect the cosmic time. The customary perfect fluid interpretation pφ = (Γ−
1)ρφ , where pφ are the pressure and ρφ are the density of energy describes a barotropic
index Γ of the DBI field and leads to
ρφ =
γ2
γ + 1
φ˙2+V(φ), (2)
pφ =
γ
γ + 1
φ˙2−V(φ), (3)
and so
− 2H˙ = Γρ = γφ˙2 H = d lna/dt. (4)
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For a DBI scenario with γ = γ0 = const. the equation (2) lets obtain the equation of
movement for the DBI field
φ¨ +
3(γ0+ 1)
2γ0
Hφ˙ +(γ0+ 1)
V ′
2γ20
= 0, (5)
where V ′ = dV/dφ =−BV and which first integral is
φ˙ =
B
γ0
H +
b
a3(γ0+1)/2γ0
, (6)
with the constant of integration b.
Equations (4) and (6) converge to describe the ordinary second order differential equa-
tion that must be hold by the factor of scale a,
2H˙ +
B2
γ0
H2+ 2
bBH
a3(γ0+1)/2γ0
+
γ0b
2
a3(γ0+1)/γ0
= 0. (7)
3. The exotic quintessence representation of interacting modified holographic
Ricci type dark energy
The Einstein equations in Friedmann-Robertson-Walker geometry for this unified model
are read
3H2 = ρDM +ρDE = ρ , (8)
− 2H˙ = ρ + p = (1+ωDM)ρDM +(1+ωDE)ρDE . (9)
The particular length of the cut off used in the description of ρDE , as linear combination
of the Hubble parameter H and its time derivative H˙, lets write (9) as
− 2H˙ = αρDM +β ρDE . (10)
With (9) and (10) we define the scalar representation of the global interaction system
through the time derivative of the quintessence field ψ as
− 2H˙ = ψ˙2. (11)
From (10) and (11), the equation of movement for the scalar field ψ is
ψ¨ +
3
2
αHψ˙ +
(α−β )
2
ρ˙DE
ψ˙
= 0 (12)
and the functional form of ρ˙DE complete the definition of the representation. The most
convenient option is to consider ρDE as an exponential potential, that is
ρ˙DE +νψ˙ρDE = 0 (13)
with the constant ν , so that ρDE = U (ψ) = U0e
−νψ .
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The “exotic" nickname for this scalar field is understood noting that its density of en-
ergy and pressure
ρ =
ψ˙2
α
+
(α−β )
α
U (ψ), (14)
p =
(α− 1)
α
ψ˙2− (α−β )
α
U (ψ), (15)
are reduced to a usual quintessence for α = 2 and β = 0.
For the option (13), the first integral of the equation (12) is
ψ˙ = νH +
µ
a3α/2
, (16)
where µ is a constant of integration, and the equation (11) lets write the second-order
differential equation for the factor of scale a as
2H˙ +ν2H2+
2νµH
a3α/2
+
µ2
a3α
= 0. (17)
4. Conclusions
Equations (7) and (17) are formally similar and making the identification
α =
γ0+ 1
γ0
, ν =
B√
γ0
, µ =
√
γ0b,
ψ =
√
γ0φ , V0 =
(α−β )
α
U0,
between the fields and the parameters, they become the same.
We conclude that both models, one driven by a DBI field with a constant measure
of the “relativistic" motion γ0 and exponential potential and the other, driven by an ex-
otic quintessence with exponential potential, are described by the same factor of scale
and so they are geometrically equivalent. Note that the kinematical equivalence between
usual quintessence models driven by an exponential potential and cosmologies driven by
k-essences with kinetic function F(x) = 1+mx and potential of inverse quadratic type
has been proved in Bianchi I type and FRW metrics. But here, the equivalence obtained
connects an “exotic" holographic quintessence as unified model of DM interacting with
modified holographic Ricci type DE and DBI cosmologies.
As stated Liddle et al in [19], the particular type of quintessence that we nicknamed
exotics [17] suffers from the problem of not having a lagrangian from which to derive the
model. A possible solution to this lack comes from the equivalence shown above. The link
with the DBI description suggests that there is a functional relationship between the time
derivative of the field and the field itself, set by the constancy of the speed of the brane itself.
In the case of the exotic holographic quintessences ψ and with the above idea in mind we
propose the existence of a relationship ψ˙(ψ) between the time derivative of the field and
the field itself, described through an arbitrary function g(ψ) such that g(ψ)ψ˙2 = m20, with
m0 = const. Also we assume that g(ψ) and α parameter are related through
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α =
2gψ˙2
1+ gψ˙2
.
With these requirements it is easy to show that the exotic holographic quintessence
models are derivable from lagrangians of type
LEHQ =
gψ˙2− 1
2g
−U(ψ) with gψ˙2 = α
2−α .
Moreover, when solutions for a(t) and φ(t) are obtained as in [18], we can relate the
functional form of the tension on D-brane T as it was generated by an interactive cos-
mological system. For example, the power law solutions a = t2γ0/B
2
and φ = 2lnt/B are
invertible and determine that the tension on the brane has the expression
T = 4
(α− 1)
ν2α(2−α)e
−νψ = 4
(α− 1)
ν2α(2−α)e
−Bφ
where α,ν and ψ are characteristics of the quintessential representation of the equivalent
interactive system.
In some sense we can say that the interactive system “calibrates" the tension on the
D-brane and conversely, the condition T > 0 sets limits to the possible values of α that
should belong to the interval 1< α < 2.
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